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(54) Vacuum pump

(57)  Adifferentially pumped mass spectrometer sys-
tem comprises a mass spectrometer having first and sec-
ond pressure chambers through which, during use, ions
are conveyed along a path. A pump assembly (10) for
differentially evacuating the chambers (62,66,68) is at-
tached to the mass spectrometer. The pump assembly
(10) comprises a housing (12) attached to the mass spec-
trometer and a cartridge (14) inserted into the housing
(12). The cartridge (14) has a plurality of inlets (16,18,20)

each for receiving fluid from a respective pressure cham-
ber (62,66,68) and a pumping mechanism (30,32,34) for
differentially pumping fluid from the chambers. The car-
tridge (14) is inserted into the housing (12) such that the
pumping mechanism (10) is inclined relative to the ion
path (76), but with the cartridge (14) protruding into the
mass spectrometer to such an extent that at least one of
the inlets (16,18) at least partially protrudes into its re-
spective chamber (62,68) without crossing the ion path
(75).
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Description

[0001] This invention relates to a vacuum pump, and
in particular to a vacuum pump with multiple inlets suit-
able for differential pumping of multiple chambers.
[0002] Thereare anumberof types of apparatus where
a plurality of chambers or systems need to be evacuated
down to different levels of vacuum. For example, in well
known types of mass spectrometer, the analyser / detec-
tor has to be operated at a relatively high vacuum, for
example 10-5 mbar, whereas a transfer chamber, through
which ions drawn and guided from an ion source are con-
veyed towards the detector, is operated at a lower vac-
uum, for example 103 mbar. The mass spectrometer
may comprise one or more further chambers upstream
from the analyser chamber, which are operated at pro-
gressively higher pressures to enable ions generated in
an atmospheric source to be captured and eventually
guided towards the detector.

[0003] Whilst these chambers may be evacuated us-
ing separate turbo-molecular vacuum pumps, each
backed by a separate, or common backing pump, for
example a rotary vane pump, it is becoming increasingly
common to evacuate two or more adjacent chambers
using a single, "split flow" turbo-molecular pump having
a plurality of inlets each for receiving fluid from respective
chamber, and a plurality of pumping stages for differen-
tially evacuating the chambers. Utilising such a pump
offers advantages in size, cost, and component rational-
isation.

[0004] For example, EP-A 0 919 726 describes a split
flow pump comprising a plurality of vacuum stages and
having a first pump inlet through which gas can pass
through all the pump stages and a second inlet through
which gas can enter the pump at an inter-stage location
and pass only through a subsequent stage of the pump.
The pump stages prior to the inter-stage location are
sized differently from those stages subsequent to the in-
ter-stage location to meet the pressure requirements of
the different chambers attached to the first and the sec-
ond inlets respectively.

[0005] However, when mounted to a mass spectrom-
eter in a conventional manner, for example with the axis
of the pump, or more particularly, its shaft axis, either
parallel to or perpendicular to the plane of the outlet flang-
es of the mass spectrometer, conductance limitations of
such a split flow pump compromise performance in com-
parison to an arrangement where adjacent chambers are
evacuated using a bespoke vacuum pump directly
mounted on to the respective chamber.

[0006] For example, when the pump is orientated with
respect to the mass spectrometer such that the shaft axis
is parallel to the plane of the outlet flanges, then gas must
flow around a right angle bend to enter the pump inlet,
which results in a pressure drop and associated loss of
pumping speed. When the vacuum pump is orientated
with its shaft axis perpendicular to the plane of the inlet
of the outlet flange, whilst gas may flow easily into the
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first inlet, gas must flow around two bends in order to
enter the second pump inlet.

[0007] InEP-A1085214,these problems are reduced
by mounting the split flow pump to the bottom of the mass
spectrometer such that the shaft axis is inclined at an
angle to the plane of the outlet flanges. With this orien-
tation, the gas flows into the inlets by flowing around
bends of obtuse angle so that there is little pressure drop
between the outlet flanges and the pumping inlets. How-
ever, with such an arrangement the overall volume oc-
cupied by the mass spectrometer and split flow pump is
increased in comparison to an arrangement where the
shaft axis is parallel to the outlet flanges.

[0008] Itis anaim of atleast the preferred embodiment
of the present invention to seek to provide an improved
arrangement for the differential evacuation of a multi-
chambered system, such as a mass spectrometer.
[0009] In afirst aspect, the present invention provides
a system comprising a plurality of pressure chambers
and a vacuum pump for differentially evacuating the
chambers, the pump comprising a plurality of inlets each
for receiving fluid from a respective pressure chamber
and a pumping mechanism for differentially pumping fluid
from the chambers, wherein the pump protrudes through
an opening into the chambers such that at least one of
the fluid inlets is at least partially located within its re-
spective pressure chamber, and the longitudinal axis of
the pump is inclined to the plane of the mouth of the
opening.

[0010] With such an orientation of the pump relative to
the pressure chambers, the conductance of the inlets of
the pump can be maximised and high effective pumping
speeds can be achieved for a given pumping mechanism.
Furthermore, since the pump protrudes into the cham-
bers, the overall volume occupied by the chambers and
pump is minimised.

[0011] The use of the invention is particularly advan-
tageous where the system under evacuation is a mass
spectrometer system, as the inclination of the pump al-
lows the pump to be inserted into the chambers without
the pump crossing the path of the ions conveyed within
the mass spectrometer. Therefore, in a second aspect,
the present invention provides a differentially pumped
mass spectrometer system comprising a mass spec-
trometer having a plurality of pressure chambers through
which, during use, ions are conveyed along a path; and
a pump for differentially evacuating the chambers, the
pump comprising a plurality of inlets each for receiving
fluid from a respective pressure chamber and a pumping
mechanism for differentially pumping fluid from the cham-
bers, wherein the pump is inclined relative to at least part
of the ion path and protrudes into the spectrometer with-
out crossing the ion path but with at least one, preferably
each, of the fluid inlets at least partially located within its
respective pressure chamber.

[0012] The pumpis preferably in the form of a cartridge
inserted into a housing attached to or part of the mass
spectrometer such that the cartridge protrudes through
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a mouth of the housing into said at least one of the cham-
bers. This can provide a relatively simple construction
for mounting and aligning the pump relative to the cham-
bers under evacuation, as opposed to an arrangement
wherein the pump is integrated into the body of the mass
spectrometer.

[0013] As the pump may be provided in isolation from
the mass spectrometer, a third aspect of the present in-
vention provides a pump comprising a housing, a car-
tridge insertable into the housing, the cartridge compris-
ing a fluid inlet and a pumping mechanism, and means
for locating the cartridge within the housing such that a
part of the cartridge defining the fluid inlet protrudes from
a mouth of the housing, and such that the longitudinal
axis of the pumping mechanism is inclined relative to the
plane of the mouth.

[0014] Preferred features of the present invention will
now be described, by way of example only, with reference
to the accompanying drawings, in which:

Figure 1is a vertical cross-section through a vacuum
pump;

Figures 2 to 6 are various different external views of
the pump; and

Figure 7 is a simplified cross-section illustrating the
connection of the assembly to a multi-chambered
system.

[0015] The pump 10 comprises a housing 12 having a
bore for receiving a cylindrical cartridge 14 containing a
pumping mechanism and a plurality of fluid inlets 16, 18,
20 and a fluid outlet 22.

[0016] With reference to Figure 1, the cartridge 14
comprises a multi-component body 24 within which is
mounted a drive shaft 26. Rotation of the shaft 26 is ef-
fected by a motor 28 positioned about the shaft 26. The
shaft 26 is mounted on opposite bearings. For example,
the drive shaft 26 may be supported by a hybrid perma-
nent magnet bearing and oil lubricated bearing system.
[0017] The pumping mechanism within the cartridge
includes at least three pumping sections 30, 32, 34. The
first pumping section 30 comprises a set of turbo-molec-
ular stages. In the example shown in Figure 1, the set of
turbo-molecular stages 30 comprises four rotor blades
and four stator blades of known angled construction. In
this example, the rotor blades of the first pumping section
are integral with the drive shaft 26.

[0018] The second pumping section 32 is similar to the
first pumping section 30, and also comprises a set of
turbo-molecular stages. In the example shown in Figure
1, the set of turbo-molecular stages 32 also comprises
four rotor blades and four stator blades of known angled
construction. In this example, the rotor blades of the first
pumping section are also integral with the drive shaft 26.
[0019] Downstream of the first and second pumping
sections is a third pumping section 34. The third pumping
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section 34 is in the form of a molecular drag mechanism,
for example, a Holweck drag mechanism. In this exam-
ple, the Holweck mechanism comprises two rotating cyl-
inders and corresponding annular stators having helical
channels formed therein in a manner known per se. The
rotating cylinders are preferably formed from a carbon
fibre material, and are mounted on a disc located on the
drive shaft 26. In this example, the disc is also integral
with the drive shaft 26. The pump outlet 22 is located
downstream from the Holweck mechanism 34.

[0020] The cartridge 14 has three inlets 16, 18 and 20.
The first, low fluid pressure inlet 16 is located upstream
of all of the pumping sections. In this example, the first
inlet 16 is substantially orthogonal to the longitudinal axis
of the drive shaft 26, as indicated at 36. The second,
middle fluid pressure inlet 18 is located interstage the
first pumping section 30 and the second pumping section
32. In this example, the second inlet 18 extends about
the longitudinal axis of the drive shaft 26. The third, low
fluid pressure inlet 20 may be located, as illustrated, up-
stream of or, alternatively, between the stages of the Hol-
weck mechanism 34, such that all of the stages of the
Holweck mechanism are in fluid communication with the
each of the inlets 16, 18,20.

[0021] Returning now to the housing 12, the bore has
an inlet formed in the rear surface 38 of the housing 12
and through which the cartridge 14 is inserted into the
housing 12. The inner surfaces 40, 42, 44, 46 of the bore
guide the cartridge 14 towards the fully inserted position
shown in Figures 1 to 6 as itis inserted into the bore. The
end of the bore is profiled as indicated at 48 in Figure 1
to define abutment surfaces for engaging the front end
of the inserted cartridge 14 and which, with the rear sur-
face 38 of the housing 12, limit the extent to which the
cartridge 14 can be inserted into the housing 12.
[0022] As shown in Figures 1 to 6, the housing 12 is
shaped so as to expose the bore at a number of locations
to allow fluid to enter the fluid inlets 16, 18, 20 when the
cartridge 14 isin the fully inserted position. In the example
shown, the housing 12 comprises a mouth 50 formed in
aflanged planar surface 52 of the housing 12, the flanged
planar surface 52 being inclined at an acute angle to the
rear surface 38 of the housing, and at an acute angle 6
to the longitudinal axis of the bore of the housing. The
angle 6 may be at any angle between 10° and 800inclu-
sive, preferably at an angle between 20° and 50° inclu-
sive. In the example illustrated in the figures, 6 = 27.5°.
In the fully inserted position shown in the figures, the
longitudinal axis 36 of the pumping mechanism is co-
axial with the bore of the housing 12.

[0023] Inordertolocate the cartridge in the fully insert-
ed position, curved members 54, 56 defining part of the
bore of the housing 12 extend across the mouth 50 of
the housing 12. In this example, the curved members 54,
56 are integral with the housing 12. Alternatively, the
curved members 54, 56 may be separate members in-
sertable into the housing 12. The curved inner surfaces
44, 46 of the curved members 54, 56, which form part of
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the bore of the housing 12, form a seal with the body 24
of the cartridge 14 whilst allowing each of the inlets 16,
18, 20 to be partially exposed by the mouth 50 formed in
the flanged planar surface 52 of the housing 12. As shown
in the figures, part of the first inlet 16 and part of the
second inlet 18 project through the mouth 50 of the hous-
ing 12, whilst the third inlet 20 is located just beneath the
mouth 50.

[0024] Figure 7 shows the pump 10 attached to an ex-
ample of a multi-chamber system 60 to be evacuated
using the pump 10. In the example shown, the multi-
chamber system 60 is a mass spectrometer system. A
high vacuum chamber 62 immediately follows first, (de-
pending on the type of system) second, and third evac-
uated interface chambers 64, 66, 68. The first interface
chamber 64 is the highest-pressure chamber in the evac-
uated spectrometer system and may contain a capillary
or sample cone through which ions are drawn from an
ion source into the first interface chamber 64. The sec-
ond, interface chamber 66 may include a first ion guide
for guiding ions from the first interface chamber 64 into
the third interface chamber 68, and the third chamber 68
may include a second ion guide for guiding ions from the
second interface chamber into the high vacuum chamber
62.

[0025] The flanged planar surface 52 of the pump 10
is attached to the planar, bottom surface 70 of the system
60, for example by means of bolts or the like. An O-ring
located within a groove 72 assists in forming a seal be-
tween the surfaces 52 and 70. As shown in Figure 7, with
the pump 10 attached to the system 60, the cartridge 14
protrudes into the system 60 through an opening 74
formed in the bottom surface 70 of the system such that
the first inlet 16 of the cartridge 14 and the first pumping
section 30 protrude into the high vacuum chamber 62,
and the second inlet 18 of the cartridge 14 and the second
pumping section 32 protrude into the third chamber 68,
and such that the pump 10 is inclined at angle 6 to the
path 76 of ions conveyed within the system 60 during
use to maximise conductance at the inlets of the pump.
The extent to which the pump 10 extends into the system
60 is not so great, however, as to cause the pump to
cross the ion path 76. To prevent fluid leakage between
the chambers of the system 60 during use, the upper
surface 78 of the cross member 54 sealingly engages a
conformingly-profiled lower surface of the dividing wall
80 between the high vacuum chamber 60 and the third
chamber 68, and the upper surface 82 of the cross mem-
ber 56 sealingly engages a conformingly-profiled lower
surface of the dividing wall 84 between the second cham-
ber 66 and the third chamber 68.

[0026] In use, the first interface chamber 64 is con-
nected to a backing pump (not shown), which also pumps
fluid from the outlet 22 of the pump 10. The backing pump
typically creates a pressure within the first chamber of
roughly the same order of magnitude as that at the outlet
22 of the pump 10. Fluid entering each inlet 16, 18, 20
of the pump 10 passes through a respective different
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number of stages before exiting from the pump. Fluid
pumped through the first inlet 16 passes through both
sets 30, 32 of turbo-molecular stages in sequence and
the Holweck mechanism 34 and exits the pump via outlet
22. Fluid pumped through the second inlet 18 passes
through set 32 of turbo-molecular stages and the Hol-
weck mechanism 34 and exits the pump via outlet 22.
Fluid pumped through the third inlet 20 passes through
the Holweck mechanism 34 only and exits the pump via
outlet 30. Consequently, the pump 10 is able to provide
the required vacuum levels in the chambers 62, 66, 68,
with the backing pump providing the required vacuum
level in the chamber 64. In this example, in use the first
interface chamber 64 is at a pressure of around 1-10
mbar, the second interface chamber 66 is at a pressure
of around 10-1-1 mbar, the third interface chamber 68 is
at a pressure of around 10-2-10-3 mbar, and the high
vacuum chamber 60 is at a pressure of around 10-5-10-6
mbar.

Claims

1. A vacuum pump comprising a housing, a cartridge
insertable into the housing, the cartridge comprising
a fluid inlet and a pumping mechanism, and means
for locating the cartridge within the housing such that
apart of the cartridge defining the fluid inlet protrudes
from a mouth of the housing, and such that the lon-
gitudinal axis of the pumping mechanism is inclined
relative to the plane of the mouth.

2. A pump according to Claim 1, wherein the location
means are arranged to locate the cartridge within
the housing such that the pumping mechanism is
inclined at an angle between 10 and 80 degrees in-
clusive, preferably at an angle between 20 and 50
degrees inclusive.

3. A pump according to Claim 1 or Claim 2, wherein
the location means are arranged to form a seal with
the outer surface of the cartridge.

4. A pump according to any of Claims 1 to 3, wherein
the location means comprises means for engaging
the cartridge to restrict the extent to which the car-
tridge can protrude from the mouth of the housing.

5. A pump according to any of Claims 1 to 4, wherein
the location means comprises at least one curved
member extending across the mouth of the housing.

6. A pump according to any of Claims 1 to 5, wherein
the mouth is located in a flanged surface of the hous-

ing.

7. A pump according to Claim 6, wherein the flanged
surface comprises means for attaching the housing
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to a system to be evacuated using the pump.

A pump according to any of Claims 1 to 7, wherein
the cartridge comprises a plurality of fluid inlets, the
pumping mechanism comprising a plurality of pump-
ing sections for differentially pumping fluid received
through the inlets.

A differentially pumped mass spectrometer system
comprising

a mass spectrometer having a plurality of pressure
chambers through which, during use, ions are con-
veyed along a path; and

a pump according to any preceding claim arranged
to differentially evacuate the chambers,

wherein the pump is inclined relative to at least part
of the ion path and protrudes into the spectrometer
without crossing the ion path

A system according to claim 9, wherein the fluid inlet
is at least partially located within a pressure cham-
ber.
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FIG. 5






EP 2 273 128 A1

7

. dWfld ONDIJVYE 01

L Old
. o_..d

0L

)

N >
L

iy

LA

[ \

| \
| \
lf‘—cf'\
I

|

I

|

| o

I (=]

|

I

|

I

|

I

I

I

|

|

|

I

E

} 77777777777
|

|

I

I

|

|

M

dWnd
ONIMOVY
0L

|

OUNRNNONNNN

i
7
7

T R T T

|
[ LT
|
VT V7777,

coI\\

3424N0S

11



EP 2 273 128 A1

D)

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

=

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 10 17 5459

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A US 20017018018 Al (CONRAD ARMIN ET AL) 1,9,10 | INV.
30 August 2001 (2001-08-30) FO4D19/04
* paragraph [0022] - paragraph [0023]; GO1M3/20
claims 1,6; figure 1 *
A,D |EP 1 085 214 A (THE BOC GROUP PLC) 1-3,7,8
21 March 2001 (2001-03-21)
* paragraph [0012] - paragraph [0021];
figure 1 *
* paragraphs [0004] - [0006], [0009] *
A US 6 457 954 Bl (ADAMIETZ RALF ET AL) 1-3,7,8
1 October 2002 (2002-10-01)
* column 2, line 41 - column 4, line 4;
figure 1 *
* column 4, line 14 - line 50; figure 3 *
A US 5 162 650 A (BIER ET AL) 1,9,10
10 November 1992 (1992-11-10)
* column 1, line 13 - column 2, Tine 14 *
* column 3, line 13 - column 4, Tine 25; TECHNICAL FIELDS
f.l gure 1 * SEARCHED (IPC)
----- FO4D
A US 2002/100313 Al (ABBEL KARL) 1,9,10 | GOIM
1 August 2002 (2002-08-01) HO1J
* paragraphs [0004], [0015]; claims 1,2; GOIN
figure 1 *
A US 5 661 229 A (BOHM ET AL) 1,9,10
26 August 1997 (1997-08-26)
* column 2, line 44 - column 3, line 5;
figure 1 *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

Munich 4 October 2010

Di Giorgio, F

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

12




EPO FORM P0459

EP 2 273 128 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 10 17 5459

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

04-10-2010
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2001018018 Al 30-08-2001 DE 10008691 Al 30-08-2001
EP 1128069 A2 29-08-2001
JP 2001280289 A 10-10-2001
EP 1085214 A 21-03-2001 AT 241762 T 15-06-2003
DE 60002966 D1 03-07-2003
DE 60002966 T2 26-02-2004
JP 2001107889 A 17-04-2001
US 6371735 Bl 16-04-2002
US 6457954 Bl 01-10-2002 WO 9961799 Al 02-12-1999
EP 1090231 Al 11-04-2001
JP 4520636 B2 11-08-2010
JP 2002516959 T 11-06-2002
US 5162650 A 10-11-1992  NONE
US 2002100313 Al 01-08-2002 AT 317972 7 15-03-2006
DE 10055057 Al 08-05-2002
EP 1205741 A2 15-05-2002
JP 2002147393 A 22-05-2002
US 5661229 A 26-08-1997 DE 4326265 Al 09-02-1995
WO 9504921 Al 16-02-1995
EP 0712488 Al 22-05-1996
JP 9501237 T 04-02-1997

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13



EP 2 273 128 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e EP 0919726 A [0004] « EP 1085214 A[0007]

14



	bibliography
	description
	claims
	drawings
	search report

